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Introduction
Diarrhea that persists for weeks or months is a frustrating problem from the diagnostic and therapeutic point of view, both for the owner and the clinicians. In this condition, feces are soft and watery, and the amount excreted is greater than normal [1] . Horses not only have the production of watery feces, but also can have "free fecal water" where horses could even produce normal feces;
however, before, after, or during, or independent from defecation, fecal water is produced and pollutes the tail and legs, and may even cause skin lesions [2] . Diarrhea, to be considered 'chronic', has to have been present for at least 7 to 14 days [3] . In some cases, the diarrhea will persist for weeks or months, with recurrent attacks of changed feces texture from "cowpat" consistency to real watery diarrhea, separated by periods of relatively normal fecal consistency. In the adult horse, chronic diarrhea is almost invariably associated with large intestinal (cecal and colonic) disease. It could be caused either by physical damage to the colonic wall or physiological disturbances of colonic function [3] . The causes of chronic diarrhea could be different, and in general could be due to inflammatory causes or imbalance of the normal physiological processes. Among inflammatory causes, different etiologies could be involved such as infection (bacterial or parasitic) and infiltrative disorder with involvement of the hindgut (alimentary lymphosarcoma, multisystemic eosynophylic epitheliotropic disease, proliferative enteropathy, and granulomatous enteritis); other causes of inflammation could be related to the ingestion of sand or the use of nonsteroidal antiinflammatory drugs (NSAIDs) [4] and [5] . Noninflammatory causes could be related to alteration of the fermentation of the microorganism in the hindgut or extraintestinal causes like heart failure, liver disease [5] , motility abnormalities, or other physiological disturbances of colonic function that lead to an idiopathic dysfunction of the hindgut.
However, many of the causes and mechanisms of chronic diarrhea are poorly understood, and horses affected by chronic diarrhea are often diagnostic and therapeutic challenges. A definitive diagnosis of the cause of chronic diarrhea will be achieved in only 60-70% of cases, and in many of these, it will only become apparent at postmortem examination [3] .
The aim of this case report is to describe the clinical approach to the evaluation of chronic diarrhea in an adult horse and the treatment proposed for the problem using a nutritional point of view.
Case Description

Signalment and History
A 12-year-old Württemberg warmblood horse, used for leisure eventing competitions, was evaluated for a history of chronic diarrhea and persistent free fecal water. A precise history record was available for the previous years. Since the time of purchase at age of 8 years, the horse had soft ("cowpat consistency") or watery feces with the production of free fecal water also independent from defecation. Initially, the owners related these episodes to "stressful" events such as changes in the management of the barn where the horse was stabled. According to the owner, the horse always had a normal appetite, good demeanor (calm and quiet), and a good body condition. The horse's vaccination history was adequate. Anthelmintics were routinely administered in a proper manner, and a fecal parasite examination was performed at least once a year.
The horse always manifested the problem in a cyclic way: first, the owner recorded an increase of free fecal water; this was followed by an increase of defecation episodes (5-6 times in an hour); and after a few days, watery feces or diarrhea was observed. Different feeds were tested by the owner, but no constant improvement was seen. The problem was always present; however, the owner reported an increase of the fecal water and the worsening of consistency of the feces when the batch of forage, usually consisting of first-cut meadow hay, was replaced with the first-cut hay mainly composed of ryegrass (Lolium multiflorum Lam. ssp. italicum).
No improvement was also obtained using prebiotics like fructo-oligosaccharides or inulin and CFb, and 11% ash as fed basis), and 120 g of soya oil. The ration was provided in four meals. No ryegrass hay was available at the time of the first visit.
Physical Examination
At physical examination, the horse had a BCS of 7 on a nine-point scale and a body weight of 620 kg; its coat was in good condition. All the organs functioned normally, with no sign of dehydration, normal capillary refill time, and normal rectal temperature.
The horse continuously presented "cowpat" consistency feces alternated with watery diarrhea and free fecal water with or independent from defecation. This was confirmed by the presence of dirty bedding and walls and wet tail and hind limbs. The frequency of defecation was increased up to 5 to 6 times in an hour. During the production of free fecal water, the horse presented repeated tail swishing (tail movement to the left or the right) and alternate rhythmic movement of the hind limbs.
Colic was never manifested, but the horse seemed to be a little apathetic and had some difficulties to be collected during flat work. No signs of surgery were present on the abdomen.
Examination of the digestive system showed normal appetite, normal oral cavity, dentition, and mastication; auscultation revealed an abdominal motility that was increased in the left upper and lower quadrant, but normal on the right abdomen.
Diagnostic Procedure
Differential diagnosis, common causes of chronic diarrhea, and procedure considered in the present case report are reported in Figure 1 . Abdominal radiography was not considered because of the size of the horse. Rectal biopsy or exploratory laparotomy was refused by the owner because of the risks involved. The owner did not agree for liver biopsy because of the risks involved and the lack of biochemical indications for liver problem. A sugar absorption test was attempted but abandoned because of the horse's temperament. Fecal examination excluded infective causes or sand ingestion and also was performed to evaluate the visual pattern of the feces and pH. The pH was determined immediately after defecation by mixing equal amounts of feces and double-deionized water and submerging the pH paper. The mean value obtained from three different samples was 6.4.
Hematological and biochemical parameters performed at the time of the visit (December 2009) are reported in Table 1 . The analysis of the previous 3 years is also given. All hematological and biochemical parameters were within normal reference ranges.
Pharmacological Treatment
As all the diagnostic procedures gave negative results, and based on personal experiences, a tentative treatment with sulfasalazine (Salazopyrin EN, tablets; Pfizer, PHARMACIA Italia S.p.A., Milano) was initiated. This drug is a colon-specific prodrug commonly used for the treatment of inflammatory bowel diseases such as ulcerative colitis and Crohn disease in humans, as well in veterinary medicine (eg, eosinophilic colitis in dogs or cats and typhlocolitis in horses) [7] . Its mode of action is not well understood. The anti-inflammatory effect of the drug is probably because of inhibition of eicosanoid metabolism, and the interaction of 5-ASA with oxygen-derived free radicals is considered to be an essential mechanism of its effect [7] . The dosage was adapted based on the values commonly used in small animal practice (16 mg/kg PO once a day for 5 days, followed by 8 mg/kg PO once a day for 10 days) [8] . The horse responded well to the sulfasalazine treatment. The diarrheal episodes subsided, and the quality of the feces improved, reaching good consistency with the absence of the fecal water in a few days. The treatment was subsequently suspended because of the concern of the owner about possible side effects (keratoconjuntivitis sicca). However, during the course of the treatment, there were no apparent side effects.
Feeding Plan and Management
Along with the sulfasalazine treatment, a dietary and management change was initiated. Nutritional requirements of the horse were calculated [9] according to that of an adult horse undergoing light exercise. The nutritional plan was formulated using 5 kg of good quality first-cut meadow hay (long stem; 7.5% CP, 0.1% CF, 29% CFb, and 6.2 % ash as fed basis) provided in a small hole hay net, 5 kg of grounded and pelleted meadow hay (Table 2 ), 1 kg of cereal-based concentrate (as described earlier), 120 g of soya oil, and 20 g of linseed oil and vitamin/mineral balancer. The feed was divided into six meals per day every 3 to 4 hours. The composition of the whole diet is reported in Table 3 . The horse was also allowed access to an overgrazed paddock, limiting all possible kinds of stresses. An increase in daily exercise was also scheduled when there was an improvement seen in the fecal quality.
Follow-up
The horse responded well to the sulfasalazine treatment. The diarrheal episode subsided and the quality of the feces improved, reaching good consistency with the absence of the fecal water in a few days. The treatment after 15 days was subsequently suspended because of the concern of the owner about possible side effects like keratoconjuntivitis sicca [10] . Other side effects like agranulocytosis and thrombocytopenia were not investigated because the horse was in good condition and the treatment was of short duration.
With the nutritional plan and management, the horse maintained a good quality of feces and a reduced or absent production of the free fecal water. After 8 months a progressive increase of long stem meadow hay with the reduction of the ground and pellet meadow hay proportion (less than 3 kg) was proposed to facilitate the daily management of the horse by the grooms. However, this caused a progressive worsening of the quality of the feces that assumed a "cowpat" consistency with the increase of the production of fecal water. A safe upper limit of 4 kg of ground and pellet meadow hay was optimal to maintain feces in an acceptable consistency and without any production of fecal water.
After 2 years, the horse presented again with "cowpat" consistency feces and free fecal water, with repeated tail swishing and other signs of discomfort during defecation. However, no watery feces were presented for more than 1 day. This worsening of the problem was associated with an abrupt change in the forage using Italian ryegrass hay (analysis revealed 7.7% CP, 30% CFb, 0.2% CF, and 7.8% ash) with the presence foreign materials (leaves from three branches and Rumex acetosa plants). Another treatment with sulfasalazine was started as described before, accompanied by a more strict control of hay quality. The horse responded immediately to the drug treatment and was then maintained with the prescribed diet management.
Discussion
A definitive diagnosis of the cause of chronic diarrhea was not possible, and an inflammatory colitis was suspected, reinforced by the response to the sulfasalazine tentative treatment. Chronic diarrhea could be a frustrating disease because the diagnosis could be difficult, and all the diagnostic procedures could give negative results. For this reason, it is important to focus also on the dietary management of the problem. Nutrition is an aspect of clinical therapy that is often overlooked, and dietary interventions are often based on anecdotal reports; however, it could not be ignored, especially in horses with the chronic disease. As the literature on the nutritional management is scarce, it is important that the dietary intervention is based on the clinical aspects of the problem.
Chronic diarrhea could be a combination of different mechanisms including mucosal inflammation and damage, impaired digestion, increased secretion across the gastrointestinal wall, and osmotic overload of the luminal contents [11] .
As first, it is necessary to formulate a diet that takes into consideration the real nutritional requirement of the patient, as in the present case report, the horse was obviously overfed, having a BCS of 7. It also important to take into account the feed composition and quality, as diet characteristics are known to influence the well-being of the hind gut.
Diet characteristics were shown to influence both the cecal and colonic environments that could be influenced both by the forage and concentrate type. For example, the hindgut environment has a high sensitivity to high-starch diets [12] . According to Kronfeld and Harris [13] , no more than 2 g of starch/kg (ie 0.2% starch or about 1.4 kg of grain per meal) should be fed to avoid the risk of "dysbiosis" in the hindgut; however, when it is in excess and escapes amylase digestion, it is rapidly fermented to lactic acid, which has a pK of 3.8, that is poorly absorbed and accumulates in the lumen. Lactate attracts water, setting the stage for osmotic diarrhea. Moreover, high-starch feeding represents a well-known risk factor for the development of gastrointestinal disorders, like lesions on the mucosal surface of the stomach and large intestine, and microecological dysfunction with colic [14] . For this reason, a diet with high content of starch should be avoided. In the present case, the given quantities of cereal-based concentrate were minimal. This was because of barn management practice (concentrate meal given to the other horses) and because small quantities of starch could be beneficial for the activity of microorganism in the hindgut. According to Peiretti and coworkers [15] , cereals submitted to technological treatment and added to the first-cut meadow hay improve the horse's digestibility of the ration.
Diarrhea could be also because of colonic maldigestion that could be, in part, responsible for excess fecal water [16] . For this reason, it is important to focus the attention on the activity of the hindgut.
The fermentation process, which takes place in this organ, is important not only for the energy requirement of the animals but also because short-chain fatty acids (SCFA) are particularly relevant for the hindgut mucosa health. With the absorption of SCFA, there is a net absorption of NaCl, and this in turn is a major determinant of water absorption [17] . Moreover, among SCFA, butyrate has a prominent role at the colon level because it is the primary fuel for the colonocytes and its oxidation is involved in various important metabolic processes. It is important for the energy load to colonocytes, the enhancement of sodium and water absorption, and the synthesis of mucus and cell membranes in addition to its anti-inflammatory effect [18] . Good quality hay is necessary to promote the activity of the microorganism in the hindgut. Structural carbohydrates (chemically defined as neutral detergent fiber [NDF] ) are fermented to varying degrees by large intestinal microorganisms. NDF can be further partitioned into acid detergent fiber and hemicelluloses components. Fermentability of hemicelluloses and cellulose components of NDF is proportional to the amount of lignin in the cell wall (ADL). Higher lignin content results in lower total digestibility.
Resistant compounds that are components of acid detergent fiber are not digested to any degree.
Plant lignin content is determined by species and maturity and is influenced by environmental conditions [19] .
To the author's knowledge, there are no reports available on the association of fecal water or "cowpat" consistency feces with the ingestion of Italian ryegrass. Even if the horse in this case presented with the problem while eating the typical regional first-cut meadow hay, the owner reported an increase in fecal water and the worsening of consistency of the feces generally when ryegrass hay was used. This is unlikely to be caused by immune-mediated intolerance, but could be related to an abrupt change from one batch of hay to another that might alter colon digesta and fecal consistency. This could be exacerbated by using forage rich in fructane such as Lolium multiflorum
Lam. ssp. italicum that accumulates fructan as the main storage carbohydrate [20] . When fructan are given in excess, fermentations primarily in the cecum and large intestine occurs, resulting in the production of lactic acid and other toxins and amines [21] increasing inflammation and damage to the mucosa, causing malabsorption, increased secretion across the gastrointestinal wall, and osmotic overload of the luminal contents for the presence of lactate.
Large-volume fiber sources should be eliminated to reduce the mechanical and physical load on the compromised colon, to favor mucosal healing [22] . The greater bulk consumption of long hay increases the rate of passage, especially particulate digesta, through the hindgut, compared with pelleted diets of much smaller particle size. Chemical modification of the cell wall can lead to differences in physical properties of fiber modifying the water-binding capacity. Feeding of pelleted diets not only reduced passage rate but also led to a similar passage rate of particles and solutes [23] .
Pelleted foods help to reduce the bulk feed and guarantee the mechanical rest. However, reducing particle size should not be confused with reducing fiber length [23] . In our opinion, it is better to select a pellet composed of meadow hay where the fiber is grounded or thinly crushed rather than chopped. The smaller the particles are, lower is the free water fraction and more homogeneous is the digesta, and the fiber is retained longer in the large colon [23] and [24] .
Moreover, in our opinion, it is necessary to avoid complete pellet ration, which decreases the feeding consumption time, thus promoting gut acidosis. Gastrointestinal secretion may be constant rather than meal-induced [25] . It is important to select the correct proportion between pellet and long hay that could be assessed as a function of the fecal consistency, the meal schedule, and the feed consumption time. In this case report, a proportion of 50:50 between long stem hay (provided in small hole hay net) and pellet was considered as optimal.
The addition of soya oil and linseed oil increased the quantity of omega-3 fatty acids in the diet. In other species, the use of these substances decreases the production of cytokines involved with chronic inflammatory diseases. Circulating fatty acids can be influenced through targeted supplementation of these substances also in horses, even if the implications of increased n-3 plasma and tissue concentrations on specific physiological function in the equine remain to be elucidated [26] .
Conclusions
Chronic diarrhea could be a challenge from both the diagnostic and therapeutic point of view.
Tentative treatment with sulfasalzine (10-20 mg/kg PO once a day) could be considered when a definitive cause is not proven. Care must be taken for possible collateral effects reported in other species such as dogs and cats, which nevertheless were not shown in this patient. Nutritional management could be of higher importance because it improves the well-being of the hindgut environment. In the case of chronic diarrhea, especially those caused by motility abnormalities without other physiological disturbances of colonic function with no decrease in body weight, it is necessary to consider the following: (1) rebalancing of the diet to the real nutritional requirements of the patient, (2) avoiding excess carbohydrate from both forage and concentrate, (3) selecting the right proportion between good quality first-cut meadow hay and grounded and pelleted meadow hay that helps to reduce the mechanical and physical load of the colon and could help in the formation of more homogeneous digesta, (4) reducing the stress with adequate feed consumption time, meal size, and time spent in a overgrazed paddock, and (5) increasing the proportion of omega-3 fatty acids in the diet. Taken together, these factors help to reduce the inflammation and influence the motility pattern, absorption, and secretion of nutrients in the colon. Differential diagnosis and common causes of chronic diarrhea [3] , [4] , [5] and [6] .
